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(57)[g$j] (57)[ABSTRACT OF THE DISCLOSURE] 



[MM] [SUBJECT OF THE INVENTION] 

OFDMfg ^r^^W}^F\^is It can carry out the reception demodulation of 

i~ ZiWi'n-^ b*y?7%]%:iz£Z>-9' the OFDM signal stably, without producing 

7*-YVTffl-V<D$E1fM&<D=?& : b interference of the modulated wave between 

£C<5^£&C ^^(cOFDMff the subcarriers by a Doppler effect, when 

■i-^r^ff ^f§"C#5<fc5K:i"<5o receiving an OFDM signal while transferring. 

[fi?&3M£] [PROBLEM TO BE SOLVED] 
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&iSi££AFC[§Ig&13, 23-e 
£OFDM£ii[Elj&l 5"COFDM 

#60 



It each receives the signal of a desired 
frequency channel by tuners 12 and 22 from the 
electric wave received with two or more 
antennas 11 and 21 with which directional 
characteristics differ respectively to the direction 
of movement of a moving body, after 
respectively independently removing the 
frequency error of two or more received signals 
in the AFC circuits 13 and 23, it compounds in 
the synthetic circuit 14, it carries out the OFDM 
demodulation of the acquired signal in the 
OFDM demodulation circuit 15. 
Since It has removed the frequency error 
independently in each system, interference of 
the modulated wave between the subcarriers by 
a Doppler effect does not arise at the time of 
composition, and it can carry out the reception 
demodulation of the OFDM signal stably by this. 
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12. tuner 

13. AFC 

14. compound 

15. OFDM demodulation 

22. tuner 

23. AFC 
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[tmm] [claim 1] 

^ftffcfc&^&tK OFDM(E A receiver characterized by having the 

^Wi&WdU^M.) \t ^r%%:it following, in which the receiver which is 

Hl!1~5^§ ^MfcijoV^T, mounted in a moving body, and carries out the 

mjfE^iM$<^#ib#ft{->tfLT reception demodulation of the OFDM 

#*JtlR]#i4O^&63g$C0)s£ (Orthogonal Frequency Division Multiplexing) 

tpB-t, signal. 

AtHSli^C<^^ t F^"C§:'ff LfcH Two or more antennas, which differ in a 

j&^b&*3£iz:L"C|p)— <DM$. directional characteristic respectively to the 

Ifc^^^/i'tfMf ^£:§Hl!"f~ ; 53I direction of movement of said moving body; 

fcOlS'ff #^i s The two or more receiving means, which 

mtiW-^^^it^kX^it £ti respectively receive the signal of the same 

fc^ifccDif-^GDJUSi^SsliS: frequency channel independently from the 

$kiL\Z.$i : £ir : bW!k < £>MWL electric wave received with these antennas; 

ifcfli'JfP^I&i^ The two or more frequency-control means, 

which respectively remove the frequency error 
of two or more signals received with these 
receiving means independently; 

mUWk^M'&WiU'M^WcX'M The synthetic means, which compound the 

WL^kWtT&'&V&^&titz.it 7§-£-n signal removed in the frequency error with 

f&irZ)i^f&^gk.b^ these frequency-control means; 

^(D&f&^&X^btitcit -^-£0 The OFDM demodulation means, which carry 

FDMHff1-50FDMlIli#IS: out the OFDM demodulation of the signal 

b% lit" 5 ^£4$ It it" 5^: acquired with this synthetic means. 

[f**JS2] [CLAIM 2] 

m^&W)W<0&W)jj\v)\^%\\s A receiver of Claim 1 characterized by which, to 

T\ mt^Wk^Q^i&^o'h'p-fc the direction of movement of said moving body, 

<th— o(D}f [n^'ftSrifij^Cfp] it points at least one directional characteristic 

H\ 7 >^<i:ti— o<75fB[p]#t!fe£r ahead among these antennas, and points at 

$#^|p]ft5r<t£#lifc£i- 6fi least one directional characteristic back. 

[1**113] [CLAIM 3] 
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—rrnxm^m-m^m^ 



A receiver of Claim 1 characterized by which 
these receiving means choose the same 
frequency channel mutually between the tuners 
of each receiving means using the tuner 
respectively which receives from the electric 
wave received with the antenna of which 
corresponds to said antennas and carries out 
the frequency conversion of the frequency 
channels as desired, and outputs them. 



[M#I4] 

x\ ^(D^it it ^-(Dm^mm 



[CLAIM 4] 

Furthermore, a receiver of Claim 1 
characterized by which it has moving-speed 
detection means to detect the moving speed of 
said moving body, these frequency-control 
means removed the frequency error of the 
receive-signal by controlling the frequency of 
the receive-signal from receiving means which 
corresponds based on the moving-speed signal 
each acquired with said moving-speed 
detection means. 



[»3fc£5] 



I'U 



[CLAIM 5] 

A receiver of Claim 4 characterized by having 
these said frequency-control means which are 
respectively; 

Coefficient means to perform weighting by the 
coefficient according to the directional 
characteristic of the antenna which corresponds 
the moving-speed detecting signal respectively 
acquired with said moving-speed detection 
means; 

Oscillation means to generate the periodic 
signal of the frequency according to the 
moving-speed detecting signal weighted and 



12/6/2005 



7/33 Copyright (C) 2005 The Thomson Corporation. 



JP9-284251-A 



XHOIVISOIM 

* 



&%W^$kt%ffiz.Z)^b%%FWt carried out with this coefficient means; 

£1~5fi^^4fS<StGQix:{f l^ito Multiplication means to remove the frequency 

error of that receive-signal by multiply the 
periodic signal generated with this oscillation 
means, and the corresponding receive-signal 
from receiving means. 

l%w<Dmwmm] [detailed description of the 

INVENTION] 



[0001 J [0001] 

[3B03<0JR-f 5ftflf#»] [TECHNICAL FIELD OF THE INVENTION] 

OFDMjf This invention relates to the receiver which 

~C^itUMir^§:iB^W:^M carries out the reception demodulation of the 

U ^^W}^(D^yy°v9j}^ OFDM signal by a moving body. 

Z>&ffi\zm-f Specifically, it relates to the technique of 

5o removing interference by the Doppler effect on 

the move. 

[0002] [0002] 

m&<D&ffi] [PRIOR ART] 

j&^s IMftftfttt^V^/HfrT* In the digital-audio broadcast and moving 

^ji^ifi±^^Vv^i/xi/t^ bodies or ground type digital television 

1 t U ^ T , OFDM broadcasting, its attention is paid to the 

( Orthogonal Frequency transmission system using an OFDM 

Division Multiplexing : E£JSi& (Orthogonal Frequency Division Multiplexing) 

'J# It ) Srffl l^cfs^ technique for recent years. 

[0003] [0003] 

ZfDOFDMfc&jj^lt, This OFDM transmission system is the system 

SxVv^/^x—^TSv^ciE^ which modulates many sub carriers (henceforth 

■f-^^&m^iUTs a subcarrier) which intersect perpendicularly 
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3Mr!J7£v^)£^ilU %fob<D mutually by the digital data to transmit, and 

f£P$£r^jiL"'C'fKii£-t~ ; 5;fr5£ carries out multiplex transmits of those 

"Cfo6 0 fVv/^f-^^f modulated waves. 

Since a digital data is partitioned and 

&-y-y* i r J ryT(D^%: transmitted to each subcarrier, it can lengthen 

^•<-f S-i^J; 1 ^ &*(DygMWL the symbol period of each modulated wave by 

(D^sVTS/v^f^jk^&Z-hft increasing the number of the subcarriers to be 

"Ct'So used. 

[0004] [0004] 

Z<D&?ltZ., OFDMfEii^S;^, Thus, an OFDM transmission system has the 

iyy^^Mf^M<ir^tX\ -v special feature of being hard to be influenced by 

;vj L /<xf£}?(DTl£M$.<D&W% delay waves, such as a multipass, by 

^it^<V^MSr^"LTV^o £ lengthening a symbol period. 

tc, ^P^(Di/^^Vu^^^S< Moreover, if the symbol period of a modulated 
t~tUi\ (D& fa wave lengthens, it can narrow each frequency 

^i$5r^<"f~<5;ii:7) s T#, L#4> band to occupy, and moreover, can narrow the 

^7**^ x )TfrW,W&fc : &M$.ik frequency intervals by which a subcarrier is 

W$k&fc<-tZ>Z.bft-VZZ> 0 arranged. 

[0005] [0005] 

JWT> W&*&M\J£tfb'&%k<n Hereafter, it demonstrates the OFDM receiver 

OFDM£ft§S1t£:tteJ3-*-5o Bl of the past, seeing drawing. 

4\t, OFDMff -5§-£g{§ Hff-f FIG. 4 shows the fundamental block 

5tE3l50>OFDMSfll ^{toS* configuration of the OFDM receiver of the past 

ffitezfny?ffif&%:7F'th<D'V , fo which carries out the reception demodulation of 

5 0 the OFDM signal. 

[0006] [0006] 

04lc*3V^T % lOlltQtpB, 10 In FIG. 4, 101 is an antenna, 102 is a tuner, 103 

2t-£3-=L— -J\ 103f3:OFDMtS is an OFDM demodulation circuit. 

HSmK^feSo i"102(i, Tuner 102 carries out choice reception of the 

£<PBl0n?ffi®:&tltim,®Lfr OFDM signal of a desired frequency channel 

bl%W.<DMWLWl s ?' J r&^<OOF'D from the electric wave caught with antenna 101. 

M\t ^mU^it -tZo OFDM The OFDM demodulation circuit 103 carries out 

mm\z]$&103lX ^^—T102V the OFDM demodulation of the signal by which 
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ll^SfB^ti/fdg-^-SrOFDMlS choice reception was carried out by tuner 102, it 

T-r v^/i^PHf 7§-£r# acquires a digital demodulation signal. 

[0007] [0007] 

bZ.?>X\ Mi&X*\t&W)M^(D& By the way, it is considered also providing 

Sj^lcfefHf ^aV^j^^Wii moving bodies, such as an automobile, with 

/ fpf* w -tf^^rOFDMfg^^ r 5tt 5 communications services, such as television 

^^i"-5^t^#x.btiTV^ 0 broadcasting, by an OFDM transmission 

H5^H4(7)OFDM^:ff system lately. 

£ lW-^Stbfci§'£-<7)-#iJ£ The example at the time of mounting the OFDM 

7Fi~ 0 r^k IH5(a) te^Epxk 05 receiver of FIG. 4 in an automobile is shown in 

(bmii®m-efc6o FIG. 5. 

In addition, FIG.5(a) is a top view, FIG.5(b) is a 
side view. 

[0008] [0008] 

msfc&^T, 202lt&W)MX»h In FIG. 5, 202 is an automobile. 

*9> &Wlfc(D—mxh& 0 QcpB It is an example of a moving body. 

101tefflz.&£W)M202<Dmfa Antenna 101 is installed in the roof upper part of 

±£in-i£g£iV ^-a— ^-102^. automobile 202, for example, tuner 102 and the 

U<OFDM^fi[H]S§103figifj OFDM demodulation circuit 103 are installed in 

^202cD$f^rag$n5o 201 the car of automobile 202. 

te^lllOlO^rp^t^SI- 201 expresses the directional characteristic of 

i>C0T*&Z>o Z<D&?\^ QtpBlO antenna 101. 

lf£&l*BfR]t£"efc<9, tK¥^|b]<^ Thus, antenna 101 is indirectivity. 

-&ji\t>}frb(DWL$.$:i£)-- [c^tit It receives the electric wave from a horizontal 

1"5 0 203te g W}M202<D&W) omni-direction uniformly. 

^"fo]?r^i~o 204(itu^/6^5iJ 203 expresses the direction of movement of 

<5H)& S 205ta^/^ib£iJ* automobile 202. 

~t&WL$. ; <t3x:'i~ 0 204 is an electric wave which comes from 

ahead, 205 shows the electric wave which 

comes from back. 

[0009] [0009] 

^K^diiJ^H^^ff Here, when receiving an arrival electric wave 
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{^^-v^&flf^fflV^OF 
DMfg-t^m«ll"tSOFDM 

g]7}C|2]6<£>OFDM§:ff 



(a)te¥ESk E7(b)f±fflffiBI 

"Ccb<5o 



during movement, the problem of a fading 
arises. 

As a technique which solves this fading, the 
diversity technique is utilized widely. 
The block configuration of the OFDM receiver 
which uses a diversity technique to carry out the 
reception demodulation of the OFDM signal is 
shown in FIG. 6. An example at the time of 
mounting the OFDM receiver of FIG. 6 in 
automobile 202 shown in FIG. 5 is shown in FIG. 
7. 

In addition, FIG.7(a) is a top view, FIG.7(b) is a 
side view. 



[00101 

BI6tC*3V^T, lll&tmiliS 
4>&, 112&tfl22tt?\a— 7\ 
113teOFDM^ff[n]S£, 114(i 
£$0?&-e&3o f-a— 7-112, 
122W\ -t^nSfHiii, 1 
21"CJiffi$^*S[^?>#*0f 

•7-112, 122T?jiiRgff £ftfcO 
FDMjf-5§-{2, ^HIS§114-e^ 
J&$tU OFDM&ffl|s]g&113-C 
OFDMttffl£;h„ rWdioTx 



[0010] 

In FIG. 6, 112 and 122 are antennas, 111 and 
121 are tuners, 113 is an OFDM demodulation 
circuit, and 114 is a synthetic circuit. 
Tuners 112 and 122 carry out choice reception 
of the OFDM signal of the same desired 
frequency channel respectively from the electric 
wave each caught with antennas 111 and 121. 
The OFDM signal by which choice reception 
was carried out by tuners 112 and 122 is 
compounded in the synthetic circuit 114, OFDM 
demodulation is carried out in the OFDM 
demodulation circuit 113, a digital demodulation 
signal is acquired by this. 



[0011] 

QtpBlll, 121 «\ 127(^1- 

x*>k. j eti ; enii]^202(DM 

f-a— 7-112, 122, 



[0011] 

As shown in FIG. 7, antennas 111 and 121 are 
each installed in the roof upper part and trunk 
upper part of automobile 202 each. Tuners 112 
and 122, the synthetic circuit 114 and the 
OFDM demodulation circuit 113 are installed in 
the car of automobile 202. 
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211, 22m#*£4 3 Hlll, 1 

■fHiii, i2i(iv^-ftit>7X¥^ 

Sfi-tSo 203l*gt&<:202<7> 



[0012] 

Here, antennas 111 and 121 are installed 
providing a spatial distance. 
211 and 221 express the directional 
characteristic of antennas 111 and 121 
respectively, and antennas 111 and 121 all 
receive the electric wave from a horizontal 
omni-direction uniformly. 

203 expresses the direction of movement of 
automobile 202. 

204 is an electric wave which comes from 
ahead, 205 expresses the electric wave which 
comes from back. 



[0013] 

-f ±l2fll^^«t50FD 

&fflr£JEVvT\ <3-=l— -7-112, 12 

^^HIi?Sll4T*^i-Si5{- 
LTV>5 0 ^V^-v^^iU^ 
«^lHlKll4i:LTtt, 
O^a— 7*112, 122-e^ff^tl 
fcOFDMff ^OSflT Sr&ttJ 

-£$#3fc> #OFDMff -*§-£r#L 
WJ#^^, #OFDM{f-^ 



[0013] 

That is, in the OFDM receiver by the 
above-mentioned composition, it compounds 
the OFDM signal by which choice reception was 
carried out by tuners 112 and 122 in the 
synthetic circuit 114 using a diversity technique. 
As a synthetic circuit 114 in a diversity system, 
there are; the selection combining system which 
detects the received power of the OFDM signal 
received by each tuner 112 and 122, and 
chooses and outputs an OFDM signal with a 
larger received power; the equal gain combining 
system such as outputting what added each 
OFDM signal on the equal gain; the maximum 
ratio combining system which outputs what 
added each OFDM signal on the gain according 
to a received power. 



[0014] 



[0014] 
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i:121i:SrSIWW*Kfi«rJ#oT 
«$tLSOFDMfi#<Z>ft^^3Sl 



Particularly in mounting in an automobile, since 
antennas 111 and 121 are installed with a 
spatial distance as shown in FIG. 7, even when 
a fading arises under the influence of a 
multipass etc., if the electric power of the OFDM 
signal received with the any of antennas 111 or 
121 is strong, it can carry out reception 
demodulation stably. 



[0015] 

&ftT*3b-?\ -o<DOFDMff 



[0015] 

However, in the above OFDM receivers for 
moving-body loading of the past, the Doppler 
effect which generates with movement of a 
mounted moving body is not considered, but it 
produces interference in a modulated wave 
between the subcarriers within one OFDM 
signal. 

Because, an OFDM transmission system 
lengthens the symbol period by narrowing the 
frequency intervals by which a subcarrier is 
arranged as mentioned above. 



[0016] 

8te^(Df-7>-tyT£-atfOF 



[0016] 

A mode that interference occurs in a modulated 
wave between subcarriers is shown in FIG. 8, 
here, it demonstrates taking the case of the 
case where it mounts in the above-mentioned 
automobile 202. 

FIG. 8 enlarged and displayed a part of 
frequency spectrum (for seven subcarriers in 
the figure) of the OFDM signal containing many 
subcarriers. 



[0017] 



[0017] 
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H8 (a) itmit ZtltcOFDMit 
(aMc&^T, 301a~301gf2& 



FIG8(a) is the frequency spectrum of the 
transmitted OFDM signal. 
In FIG.8(a), 301a to 301 g are the spectrums of 
the modulated wave of each subcarrier. 
The fact that the spectrum of the modulated 
wave of another subcarrier is 0 shows that there 
is no interference between subcarriers in the 
transmitted OFDM signal on each subcarrier 
frequency (frequency from which the spectrum 
of a modulated wave constitutes the maximum). 
In addition, 300 shows the reference standard 
of a frequency. 



[0018] 

1218 (b) « H mM202<D&W)jjfa 

DMjf ^(DWlfc^^Y^Xfo 
1218(b) ^:&V^ 302a~30 

^?b/\sX\ ZtlJ?tim8 (a) 

0lg\ZttJfc1rZ) o & W)M202<D& 

Wi ft in] Su sfe-r 5 m®. 20 

4<DOFDM{f Ky^Sft* 
(^•9, i£ff £ftfcOFDMff 



[0018] 

FIG.8(b) is the frequency spectrum of the 
OFDM signal of the electric wave 204 which 
comes from ahead of the movement direction of 
automobile 202. 

In FIG.8(b), 302a to 302g are the spectrum of 
the modulated wave of each subcarrier, and are 
each equivalent to spectrum 301a to 301 g of 
the modulated wave in FIG.8(a). 
Compared with the OFDM signal to which the 
OFDM signal of the coming electric wave 204 
was transmitted by the Doppler effect, a 
frequency becomes higher by only 
Doppler-frequency fo from ahead of the 
movement direction of automobile 202. 



[0019] 

#J&>ibiiJ*-*-<5tti&205<£>OFD 
5 0 1218(c) JJ1*5V^T % 303a~30 

s<?b^x\ zti^lnm (a) fc*3 



[0019] 

FIG8(c) is the frequency spectrum of the OFDM 
signal of the electric wave 205 which comes 
from back of the movement direction of an 
automobile. 

In FIG8(c), 303a to 303g are the spectrums of 
the modulated wave of each subcarrier, and are 



12/6/2005 



14/33 Copyright (C) 2005 The Thomson Corporation. 



JP9-284251-A 



THOMSON 

-* 



tt<53df3ifctf>*^M'301a~3 



each correspond to spectrums 301a to 301 g of 
the modulated wave in FIG.8(a). 
Only in Doppler-frequency fo, compared with 
the OFDM signal to which the OFDM signal of 
the coming electric wave 205 is transmitted by 
the Doppler effect, a frequency becomes low 
from the direction-of-movement back of 
automobile 202. 



[0020] 

1218(d) li£*$iU01, UlRTf 
121-C^f £ftfcOFDMif-5§-(D 

^cp^ioi, iii&m2ite7k 

ft (D^jj ft fob ©It Sr*& 

202tf>ffr;fra»kPJ*Lfc«J&20 
4fc##a»fc£[|*Ui:«tt205W: 
£cp$U01, lll&tfl21-CJ| 
4$tiTEI8 (d) ^I^^M^ 

fcfcSo S8(d)d^f-^-ryr 



[0020] 

FIG.8(d) is the frequency spectrum of the 
OFDM signal received with antennas 101,111 
and 121. 

These antennas 101,111 and 121 receive the 
electric wave from a horizontal omni-direction 
uniformly. 

For this reason, the electric wave 204 which 
came from ahead of automobile 202, and the 
electric wave 205 which came from back 
become the spectrum shown in FIG.8(d), which 
makes them overlapped with antennas 101,111 
and 121. 

FIG.8(d) shows that interference has arisen in 
the modulated wave between subcarriers. 



[0021] 



[0021] 



[PROBLEM TO BE SOLVED BY THE 
INVENTION] 

It is very difficult for the above OFDM receivers 
for moving-body loading of the past to remove 
the interference in the circuit postposed, since 
the interference arises in a modulated wave 
between subcarriers when two or more 
antennas receive. 
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[0022] [0022] 

^^M<DW:Mi-i±^<Dmmi:M The objective of this invention is to solve the 

$:U OFDMff ^^Wl^l^ above-mentioned problem. It provides the 

it "t"-5^'a^4oV , >Tt. N Yv'fy OFDM receiver which can carry out the 

Sh^X&^zf^VTTmWfDM reception demodulation of the OFDM signal 

fii£OT$=££C3r<!r&<> stably, without producing interference of the 

dOFDMff ■^r&'zkit ISCPI"?^ modulated wave between the subcarriers by a 

OFDM^fs BWZWifcir&Z. 1 Doppler effect, when receiving an OFDM signal 

l^fo&o while transferring. 

[0023] [0023] 



i%M®:-f6tilb<D^m [MEANS TO SOLVE THE PROBLEM] 

ilEHMSr^^r^^/tfe \z.if% In order to solve the above-mentioned problem, 

91 fix &W)W-(D&W)jj\v]KttL- this invention made the following. It receives the 

X&*¥a\n\%f®L<Dgit£Z>Wk<D signal of a desired frequency channel 

^^HT^ffLfcllj&^b^flil respectively from the electric wave received 
(Dffl&Wt^^^^Oit with two or more antennas with which 
:§:{§ U ^it£frifzM^(Dit directional characteristics differ respectively to 

J^i!£i&S*ll ; £r#*^3£{c:|$;^L the direction of movement of a moving body, it 

tKDhn-J&V, ^htifcit tj&O compounds, after respectively independently 

FDM ; (SHi~&cfc'M^L'7t 0 removing the frequency error of two or more 

received signals, to carry out the OFDM 
demodulation of the acquired signal,. 

[0024] [0024] 

-ttntts Wftf-jffc^, O That is, it made to have the following. 

FDM(fll£Jij3£ifc#i , J#JIMlf Two or more antennas which are mounted in a 

-^^if ^PH^iSifi i£S(^3o moving body, and in the receiver which carries 

ffjfE^ibffcc^fJj^rpiHvi out the reception demodulation of the OFDM 

^LT^filpn^tttT^ft^ (Orthogonal Frequency Division Multiplexing) 

^(DQtpBik, jfufE^^tf^tp signal, differ in a directional characteristic 

H"C^:{f LtzW,$.frb& * %&iL respectively to the direction of movement of 

L-TIrI — (D ffl -f^/isO) it said moving body; two or more receiving means 

^■$: : §:it-fZ> i f$k%t:<7) ! §:it3 L %kb^ which respectively receive the signal of the 

mnHW.&O'g.it ¥^"C^{f &ti same frequency channel independently of the 
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electric wave received with these antennas; two 
or more frequency-control means which 
respectively independently remove the 
frequency error of two or more signals received 
with these receiving means; synthetic means 
which compound the signal removed in the 
frequency error with these frequency-control 
means; the OFDM demodulation means which 
carry out the OFDM demodulation of the signal 
acquired with this synthetic means. 



[0025] [0025] 

mf&&W)fc<D&W}jjfi)\z. Particularly, to the direction of movement of said 

*fLT, mnZ^WttDgirpWifDoio moving body, it points at least one directional 

'PteKbh— oco^lipj^'li^rHij^ characteristic ahead among these antennas, 

l^lRHts 'Pt£<kh— i<D¥& [r]# and pointed at least one directional 

&*'&%\z.fatt%&o\z.Uto characteristic back. 



[0026] 



[0026] 

Moreover, these receiving means chose the 
same frequency channel between the tuners of 
each receiving means, using the tuner which 
receives and carries out the frequency 
conversion of the frequency channels as 
desired from the electric wave received with the 
antenna with which each corresponds to these 
antennas mutually, and outputs. 



[0027] 

m^^xttm-tzgm^mfrb 



[0027] 

Furthermore, it has moving-speed detection 
means to detect the moving speed of said 
moving body, and these frequency-control 
means removed the frequency error of the 
receive-signal by controlling the frequency of 
the receive-signal from receiving means which 
corresponds based on the moving-speed signal 
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Z.bX\ -tOStfil im^rOM&^kW: each acquired with said moving-speed 

M : k^^~t : bXo\ZLVtc 0 detection means. 

[0028] [0028] 

jiufSlt^OJUjSMiJ^^ Particularly these frequency-control means 

ZMfi. mmWMfe have the following. 

^tH¥^T'#^tifd^S)3i^1t Coefficient means which perform weighting by 

\tiit-%&ftJ&-tZ>Zg.cpB<nfafil the coefficient according to the directional 

fc/SCfc^f&TS^ttttS: characteristic of the antenna which corresponds 

fsoW$k^-Wz.b^ Z.(D%WL^%kX* the moving-speed detecting signal respectively 

M&Htf&fitz&W}T$i£Z%kftia acquired with said moving-speed detection 

■%\z.jfoXl,tzMl&.lk(Offl%\ilS ^-fc means; oscillation means which generate the 

^£"t"<53i§iSi^^:<ts ^gq3§#§¥ periodic signal of the frequency according to the 

J*"C^££;ft<5Ji)$H§ ^-kttffc moving-speed detecting signal weighted and 

•f%%:i5^&fab(D%:i3in -%rb%: carried out with this coefficient means; 

^ZX^(D^it it 7§-<£>iH)&#:l* multiplication means which remove the 

%&^£i~Z>^W¥-%kt%:ijmZ- : £> frequency error of the receive-signal by multiply 

ct^^L/do the periodic signal generated with this 

oscillation means and the receive-signal from 
corresponding receiving means. 

[0029] [0029] 

imw^nmmm] [embodiment of the invention] 

^T, mi7b^msRX/m8^ Hereafter, with reference to FIG. 1 or FIG. 3 and 

MLX^mWtDmifctDBWiZvt FIG. 8, it demonstrates Embodiment of this 

Mz.m%ir%o milt^m\z& invention in detail. 

^KDmMMM^n^iB^ FIG. 1 shows the block configuration of the 

W(n7'vy?ffiffc%:7F'i~hC0X°fo receiver in 1st Embodiment based on this 

3o Hld&^T, ^a- ~t 12, 2 invention. 

213, Zti^tiQtpBll, 21X In FIG. 1, tuners 12 and 22 carry out choice 

^jf £frifcM$.frt)PjrW.<Df5]— reception of the OFDM signal of the same 

MWM^^^^o^OFBMit^r^: desired frequency channel from the electric 

l&R^ff 5o AFCHJS&13, 23 wave each received with antennas 11 and 21. 

lt&W)ffl®.&mffl\E\&X\ The AFC circuits 13 and 23 are 

—^12, 22XWR^.\% &fofz.O automatic-frequency-control circuits, and 
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respectively independently remove a frequency 
error for the OFDM signal by which choice 
reception was carried out by tuners 12 and 22. 
The synthetic circuit 14 compounds the OFDM 
signal with which the frequency error was 
removed in the AFC circuits 1 3 and 23. 
The OFDM demodulation circuit 15 acquires a 
digital demodulation signal by carrying out the 
OFDM demodulation of the synthetic output of 
the synthetic circuit 14. 



[0030] 



Tjk-to ft, 03(a)f±¥ffiEU S3 

(b) \$®mm%7Fir 0 m3\z^ 

Wt% 0 53IZ&W}M52<D&W}% 
mfa&&-to 311, 321fi#*£ 

•f $11, 2\<Difc\p\m i &&%t1r 0 



[0030] 

FIG. 3 shows an example at the time of 
mounting the receiver of this Embodiment in a 
moving body. 

In addition, FIG.3 (a) shows a top view, FIG.3(b) 
shows a side view. 

In FIG. 3, 52 is an automobile which is made 
into an example of a moving body. 
To this automobile 52, it installs antenna 11 in 
roof upper part, and each installs antenna 21 in 
trunk upper part. 

53 expresses the direction of movement of 
automobile 52. 

54 is an electric wave which comes from ahead, 

55 expresses the electric wave which comes 
from back. 

311 and 321 express the directional 
characteristic of antennas 11 and 21 
respectively. 



[0031] [0031] 

^.^U\l\Z^.\z^W)il Here, antenna 11 mainly receives the electric 

[o]53(c>ftbTtiI^'^ : >^coM^54 wave 54 from ahead to a direction of movement 

U ^4 ] ^21(i±(c#Sb 53, and antenna 21 mainly receives the electric 

jjft]53\z.%iLXl%:jjfrb(DM$. wave 55 from back to a direction of movement 
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55£^it -r 5 0 tits tnmzm* 53. 

L&V^\ muz.&l-fZJ-x.—ri Moreover, although not illustrated for details, it 
2, 22, AFC0I&13, 23, installs tuners 12 and 22 in FIG. 1, the AFC 
Hi&14&rj*OFDMmf!lH]i&15 circuits 13 and 23, the synthetic circuit 14, and 
fit g »)$:52<7)$[^ Ki&it "t" So the OFDM demodulation circuit 1 5 in the car of 

automobile 52. 



[0032] 

tf*3& i e>SI*-f5««E54O0FD 

{f£ftfcOFDMff it -<TJi 

tti*i<ftoTVV5 0 

H 1 1 -c tt ± 3 $j 4C 5 2 <£> ftj # 

tlfcOFDMfs -^-{11218 (b) CD£5 



[0032] 

Below, with reference to FIG. 8 which showed a 
mode that interference occurred, it 
demonstrates action of the receiver of this 
Embodiment between subcarriers at a 
modulated wave. 

First, compared with the OFDM signal to which 
the OFDM signal of the coming electric wave 54 
was transmitted by the Doppler effect, the 
frequency is becoming higher by only 
Doppler-frequency component f D from ahead. 
Since antenna 11 receives the electric wave 54 
which mainly comes from ahead of automobile 
52 at this time, compared with the OFDM signal 
transmitted like FIG.8(b), the OFDM signal by 
which choice reception was carried out by tuner 
12 has the higher frequency by only 
Doppler-frequency fo . 



[0033] 

f D sr&itiu zomte&mmo 

£tlfdOFDM|f ^§-te|H8 (a) \Z.?jk 



[0033] 

The AFC circuit 13 detects frequency error fo 
produced by the Doppler effect to the OFDM 
signal by which choice reception was carried 
out by tuner 1 2, it removes the frequency error 

fo. 

Therefore, the OFDM signal with which the 
frequency error was removed by this AFC circuit 
13 constitutes the same frequency spectrum as 
the transmitted OFDM signal which is shown in 
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FIG.8(a). 



[0034] 

OOFDMff Ks^SbUfc: 
f D /c(tlS</j:otl^o r<D«^ 

^tlitOFDMiS^tms (c) (0 

£5 tei£fS$;h/fcOFDMflr*fc 



[0034] 

Next, compared with the OFDM signal to which 
was transmitted by the Doppler effect, the 
OFDM signal of the electric wave 55 coming 
from back has the lower frequency by only 
Doppler-frequency component fp. 
Since the antenna 21 receives the electric wave 
55 which mainly comes from the back of 
automobile 52 in at this time, compared with the 
OFDM signal transmitted like FIG.8(c), the 
OFDM signal by which choice reception was 
carried out by tuner 22 has the lower frequency 
by only Doppler-frequency f D . 



[0035] 

AFC(n]S§23te, fx.— "f-22Vm 
$tl/c:OFDM{f-5§-}c:K> 

to SrtfeffiU^OJSiftafclRHfD 
£B&*-r5o ±ot, rcOAFClEl 

ZtltcOFDMitfy*. 1218 (a) £ 



[0035] 

The AFC circuit 23 detects frequency error f D 
produced by the Doppler effect to the OFDM 
signal by which choice reception was carried 
out by tuner 22, it removes the frequency error 
lb. 

Therefore, the OFDM signal with which the 
frequency error was removed by this AFC circuit 
23 constitutes the same frequency spectrum as 
the transmitted OFDM signal which is shown in 
FIG.8(a). 



[0036] 

&>±<D£5\Z, AFC[1]5§13^^ 
23c7>tti;W50FDMfi-5§-teKy 

rt^-ctoTOFDM^MIlISSl5 



[0036] 

As mentioned above, since the frequency error 
is removed by a Doppler effect from the OFDM 
signals which the AFC circuits 13 and 23 output, 
even if it compounds both of them in the 
synthetic circuit 14, it does not produce 
interference of the modulated wave between 
subcarriers. 
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~C'iS.MLti^^:\z.lEL< : f^iy^ It can acquire a digital demodulation signal 
/HtWf&#&#<5Cl£iiS"C#<5o correctly to the result demodulated by this in the 

OFDM demodulation circuit 15. 



[0037] [0037] 

02f±#!80IK:&*m2<0£160> FIG. 2 shows the block configuration of the 

tetfcfc&ftZ>5kffi&9.<D-7vy? receiver in 2nd Embodiment based on this 

Mf&&^1rh(DX*fo% 0 ft, H2 invention. 

{c&v vC N 01£EJ— 8&#fc:ttlRl In addition, in FIG. 2, the same code is attached 

— ^F-^SrttLT^U ^"Ctefi and shown in the same part as FIG. 1, here, it 

W'^^M^^^'t^o omits the overlapping explanation. 

[0038] [0038] 

^MMMM&'zkiB^Wfe* Hi The receiver of this Embodiment was equipped 

<DMtel&t&lz.*3ftZ>AFCm&l with the multiplication circuits 16 and 26, 

3, 23lcftboT, ^^0^16, oscillation circuits 17 and 27, the coefficient 

26 % 38£@&17, 27*-068cl]g& circuits 18 and 28, and the moving-speed 

18, 28&tf^S)3lM!fctilHg&l detector circuit 19, instead of the AFC circuits 

9Sr#x.6i9tCbfc^<7)-Cfc6o 13 and 23 in 1st Embodiment. 

Z(Dl&(Dffij$,n%l<D£M<D1& Other composition is the same as 1st 

BtmCT*hZ> 0 Embodiment. 

[0039] [0039] 

£T , ^W]^^mmi9^, First, the moving-speed detector circuit 19 

fflz. l£ : )$iJ£.±y° :i }'¥f : &FB ^Tl detects the moving speed of a mounted moving 

&M&W}fc(fflz.li£&W}M)<D& body (for example, automobile), for example 

tt^i^^^tHU, ^(D^m^S. using a speed sensor etc., it generates the 

t£*tJ&"t"5 iE-^r$:$££.-tZ) 0 & signal corresponding to the detection speed. 

lc % «Sfe|sIKl8tt, &W)M}£%> Next, the coefficient circuit 18 multiplies the 

ttJIUj^l9d^a5^$tL5^S)3i coefficient according to the directional 

fttBSOft-S-^S^milOJB characteristic of antenna 1 1 to the signal of the 

fa#14^j£Cfc^ifc£^C<5 0 % moving speed outputted from the moving-speed 

M 0 1 7 (1 N ft m 0 j£ 1 8 t?ft detector circuit 1 9. 

#:^^^f^ti//bfS-^-ic: ; ($ofcj5l An oscillation circuit 17 generates the complex 
!fc <Z) ^ ^ E 3& J! sine-wave signal (periodic signal) of the 

#)£r^£"t"3 0 ^^(h]S§16(±, frequency according to the signal by which the 
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i-12X*M1R%:i$ ZtitcO coefficient multiplied in the coefficient circuit 18. 
FDMfM-te»J8lHJ!5l7-C38£ The multiplication circuit 16 multiplies the 
^ti-S^^IES&j&ff #£r^i"<5 0 OFDM signal by which choice reception was 

carried out by tuner 12 by the complex 
sine-wave signal generated in an oscillation 
circuit 17. 



[0040] 

0H6fei§i(&28»*, dibits 



38|g|HlK27tt, #l;U«I±fl!W 



»M&#)*:«^r5o 3t3l[E]{&26 
fcOFDM(&-^|C|8i6|lI8&27"e 



[0040] 

On the other hand, the coefficient circuit 28 
multiplies the coefficient according to the 
directional characteristic of antenna 21 to the 
signal of the moving speed outputted from the 
moving-speed detector circuit 19. 
An oscillation circuit 27 comprises voltage 
controlled oscillators, for example, it generates 
the complex sine-wave signal (synchronizing 
signal) of the frequency according to the signal 
by which the coefficient multiplied in the 
coefficient circuit 28. 

The multiplication circuit 26 multiplies the 
OFDM signal by which choice reception was 
carried out by tuner 22 by the complex 
sine-wave signal generated in an oscillation 
circuit 27. 



[0041] 

\,^X,mW\E\$&16, 26\^6\^X 



[0041] 

Below, with reference to FIG. 3, it demonstrates 
the case where action of the receiver by the 
above-mentioned composition is mounted in 
automobile 52 like 1st Embodiment. 
In the receiver of this Embodiment, it is made to 
perform elimination of a frequency error in the 
multiplication circuits 16 and 26 based on the 
principle that a gap of the frequency which it 
generates by a Doppler effect is given in 
proportion to the moving speed of a moving 
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[0042] 

*CTISfilHl(Sl7, 27^X^1" 

•So 



[0042] 

Demonstrating specifically, it detects the moving 
speed of a moving body (automobile 52) by the 
moving-speed detector circuit 19, and 
generates the signal which amounts to the 
speed, it multiplies the coefficient according to 
the directional characteristic of antennas 11 and 
21 by the coefficient circuits 18 and 28, and 
inputs into oscillation circuits 17 and 27. 



[0043] 

26^A^U 5^-^12, 22X* 



[0043] 

At this time, oscillation circuits 17 and 27 
generate a complex sine-wave signal in the 
coefficient circuits 18 and 28 according to the 
signal of a moving speed by which the 
coefficient multiplied. 

It inputs this complex sine-wave signal into the 
multiplication circuits 16 and 26, it multiplies to 
the OFDM signal by which choice reception was 
carried out by tuners 12 and 22. 



[0044] 

£^ft t§i^«, mmmms 
tb&& nuts ctcM <d m mm^m 



[0044] 

Here, when the directional characteristic 311 of 
antenna 11, as shown in FIG. 3, receives the 
electric wave 54 which mainly comes from 
ahead of a direction of movement 53, let the 
coefficient multiplied at the coefficient circuit 18 
be a negative value. 

For this reason, in an oscillation circuit 17, the 
complex sine-wave signal of the negative 
frequency according to a moving speed is 
generated. 



[0045] 



[0045] 
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Lfc^oT, ^^|eIS&16(c4oV > ' Therefore, the frequency error produced from 

"Cf-a— *-12T?«ft£flr Zfltc the OFDM signal by the Doppler effect is 

OFDMff ^rK%(DMWiWL(D^. removable by multiplying the complex 

MfEfefcit -§-$r^C<5^<bT\ OF sine-wave signal of a negative frequency to the 

DMft ^-^bV-yfy^^KX^ OFDM signal by which choice reception was 

X^ZtcM^Mm^^^ir^ carried out by tuner 12 in the multiplication 

ttfVZZo circuit 16. 



[0046] [0046] 

^ c f I ^2lcof|fB]1#tt32 Similarly, when the directional characteristic 321 

l&^z&WlJjfilSStD'&jffrb of antenna 21 receives the electric wave 55 

<5flS)&55£:§:'ff i~&W>a- which mainly comes from the back of a direction 

it, &M\E}$t28X^W£tiZ>% of movement 53, let the coefficient multiplied at 

%llit]E(D{\iLb'f% 0 ~(Dtc£>, % the coefficient circuit 28 be a positive value. 

M\E}$&27XlZ&W)M&K!fcCtz For this reason, in an oscillation circuit 27, the 

lEcDjij&lfctf^^jE&^f fytfi complex sine-wave signal of the positive 

5§££ti<5 0 frequency according to a moving speed is 

generated. 

[0047] [0047] 

Litf^oX^ ^^[h1SS26{c:4oV^ Therefore, the frequency error produced from 

XJ-x.—f-22Xm$L§:{a£ntc the OFDM signal by the Doppler effect is 

OFDMjf -^-{CjEWji^ictD^i removable by multiplying the complex 

^iE&i&lf ^r^r^.Z^)ZtX\ OF sine-wave signal of a positive frequency to the 

DMlf f^f3K77°7il^J:o OFDM signal by which choice reception was 

T£C/-cji$c$:tSM£rl&i:-f5r carried out by tuner 22 in the multiplication 

btfXtZo circuit 26. 



[0048] [0048] 

U±.<DZtfrbWbfrt££?\z y # With the receiver of this Embodiment, the 

MMMM<D^iB ^WXlt, %\ frequency error by a Doppler effect is removed 

(VMMJ&W-tmm^ mW\E]&l in the multiplication circuits 16 and 26 like 1st 

6, 26(c^oV ^TKyT'^^^cfc'S Embodiment as is evident from the above thing. 

j^jS^:^M^I^*$tiTV^<D Therefore, even if it compounds both in the 

X\ -^c@S&14Tffi#£r-^/&L synthetic circuit 14, it does not produce 

Xh^y^^VTmX(D^m^(D interference of the modulated wave between 
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^#££DkV\ rtUCcfco-C O subcarriers. 

FDM^PlElS&lSd^^P^^: By this, it can acquire the digital demodulation 

chLTIELV ^7*4 &&A'QLM if signal correct as a demodulation result from the 

£#5^s-et5o OFDM demodulation circuit 15. 



[0049] 

^(C e fc57o:-v ? ^|^5fe(Dfcfe 



[0049] 

In addition, the synthetic circuit 14 in each 
Embodiment is all for the fading elimination by a 
diversity system. 

Of course, it is sufficient to adopt any of the 
above-mentioned systems from selection 
combining system, equal gain combining 
system, the maximum ratio combining system. 



[0050] 



[0050] 



FDMjf 
DMff-^^ff^p-etSOFD 

<5o 



[ADVANTAGE OF THE INVENTION] 

As mentioned above, according to this 
invention, It can provide the OFDM receiver 
which can carry out the reception demodulation 
of the OFDM signal stably, without producing 
interference of the modulated wave between 
the subcarriers by a Doppler effect also when 
receiving an OFDM signal while transferring. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



mi] [fig.1] 

&&9l<DMl<X>MMtoi&1&fc It is the block circuit diagram showing the 

iJottS^ff ii©iJt^t^ composition of the receiver in 1st Embodiment 

Dy^0SM"C&3o of this invention. 

[M2] [FIG. 2] 

*%W<D%S2<DMM<DJ&ffli\z. It is the block circuit diagram showing the 
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ioH'S^Hs ^W ( D%^^7^ir'f composition of the receiver in 2nd Embodiment 
ns>^lElE&EI"Cfo5o of this invention. 



[03] 

mxh% 0 



[Fid 3] 

It is the top view and side view showing the 
example which attached the receiver in 1st and 
2nd Embodiment to the automobile. 



[04] 



[FIGi4] 

It is the block circuit diagram showing the 
fundamental composition of the receiver of the 
past. 



[05] 



[FIG. 5] 

&rlil It is the top view and side view showing the 
i" 5 ?® example which attached the fundamental 
receiver of the past to the automobile. 



[06] 



[FIG 6] 

It is the block circuit diagram showing the 



5fc£>:§:fs§£il<£>1# $L%'Fir~?v composition of the receiver of the past using a 



diversity technique. 



[07] 



[FIG 7] 

It is the top view and side view showing the 



3fe<£>§£f&q!£it£§S&*U:Bx9tt example which attached the receiver of the past 

ttfc^J£^i- 5 P®0&?>*fiJS0 using a diversity technique to the automobile. 

[08] [FIG 8] 

OFDMff -^-CQ— %$&ilL.^0: It is the frequency spectrum which carried out 

^LfcJijftSfe*^M'-Cfc5 0 the enlarged display of a part of OFDM signal. 



Wt©RH] 

11, 



[DESCRIPTION OF SYMBOLS] 

11, 21... antenna 
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12, 22-^3.—*- 

13, 23-AFC0B& 



12, 22... tuner 

13, 23... AFC circuit 



15--OFDMmPlllS& 

16, 26-Jf$JH§Ig& 

17, 27-|8SlsIK 



14... synthetic circuit 

15... OFDM demodulation circuit 

16, 26... multiplication circuit 

17, 27... oscillation circuit 



18, 28-#Jfc[Uj& 
52-gft* 



18, 28... coefficient circuit 

19... moving-speed detector circuit 

52... automobile 

53... direction of movement 



101, in, i2i--Q^m 

102, 112, J- 



54... the arrival electric wave from ahead 
55... the arrival electric wave from back 
101,111,121... antenna 
102,112,122... tuner 



103, 113---OFDM^p[e]S§ 



114-^IsIjiS 



201- 
202- 



•aft*: 



103,113... OFDM demodulation circuit 
114... synthetic circuit 
201... directional characteristic 
202.. .automobile 



203- #ft#ft 

204- ■•Mjjfrb<DmMm$. 

205- ^^bmmm& 

3oo--sr 



203... direction of movement 
204... the arrival electric wave from ahead 
205... the arrival electric wave from back 
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